This paper presents the analytical simulation of string with large amplitudes using the Variational Iteration Method (VIM) and Hamiltonian Approach (HA). In order to verify the precision of the presented methods, current results were compared with He's Variational Approach and Runge-Kutta 4 th order. It has been found that these methods are well suited for a range of parameters and the approximate frequencies and periodic solutions show a good agreement with other techniques. The results show that both methods can be easily extended to other nonlinear oscillations and it can be predicted that both methods can be found widely applicable in engineering.
2012; Sheikholeslami et al., 2012a; 2012b; Bayat et al., 2011; Rafieipour et al., 2012; Marinca and Herisanu, 2010; Salehi et al., 2012; Hamidi et al., 2012) The main objective of the present study is to propose two analytical methods, namely the Variational Iteration Method (VIM) and Hamiltonian Approach (HA) which were introduced by He (He, 1999; 2010) to solve the nonlinear differential equation of the large deformation of string with large amplitudes. The Effectiveness and convenience of the methods is revealed in comparisons with the other solution techniques.
The results reveal that these methods are very effective and convenient in predicting the solution of such problems, and it is predicted that the VIM and Hamiltonian Approach (HA) can find a wide application in new engineering problems.
THE GOVERNING EQUATION OF STRINGS WITH LARGE AMPLITUDE
Considering the differential equation of large amplitude transverse vibrations of a flexible string under constant tension as shown in Fig. 1 . Figure 1 Schematic of a constant tension vibrating string with large amplitude (Omran et al., 2013) .
The governing differential equation of large amplitude vibrations of a constant tension string of this form is written as:
where u(x,t) is the transverse displacement amplitude relative to the spatial x and temporal t coordinates, c = τ 0 /ρ 0 is the velocity of transverse wave with τ 0 and ρ 0 being the tension and the mass per unit length, respectively. Let's also consider that the transverse displacement is expressed as:
Substituting Eq. (2) into Eq. (1) and averaging over the string length L (i.e. a Galerkin procedure is performed to take the multiplication of Eq. (2) 
With initial conditions:
where ϕ and t are generalized dimensionless displacement and time variables. Also we have:
DESCRIPTION OF THE VARIATIONAL ITERATION METHOD
To clarify the idea of the proposed method for solution of the large deformation of string with large amplitudes, the basic concept of Variational Iteration Method is firstly treated. We consider the following general differential equation,
Where, L is a linear operator, and N a nonlinear operator, g(t) an inhomogeneous or forcing term. According to the variational iteration method, we can construct a correct functional as follows:
Where λ is a general Lagrange multiplier, which can be identified optimally via the variational theory, the subscript n denotes the nth approximation, n ũ is considered as a restricted variation, i.e.
For linear problems, its exact solution can be obtained by only one iteration step due to the fact that the Lagrange multiplier can be exactly identified. In this method, the problems are initially approximated with possible unknowns and it can be applied in non-linear problems without linearization or small parameters. The approximate solutions obtained by the proposed method rapidly converge to the exact solution. Applying the proposed method, the following iterative formula is formed as:
Its stationary conditions can be obtained as follows: The Lagrange multiplier, therefore, can be identified as;
By substituting this identified multiplier into Eq. (11), we come to:
Assuming its initial approximate solution has the form:
And substituting Eq. (15) 
In the same manner, the rest of the components of the iteration formula can be obtained. In order to ensure that no secular terms appear in u 1 , resonance must be avoided. To do so, the coefficient of cos(ωt) in Eq. (16) 
BASIC CONCEPT OF HAMILTONIAN APPROACH
Previously, He (He, 2002) had introduced the energy balance method based on collocation and Hamiltonian. Recently, in 2010 it was developed into the Hamiltonian approach (He, 2010) . This approach is a kind of energy method with a vast application in conservative oscillatory systems. In order to clarify this approach, consider the following general oscillator:
Oscillatory systems contain two important physical parameters, i.e. the frequency ω and the amplitude of oscillation A. It is easy to establish a variational principle for Eq. (19), which reads;
Where T is period of the nonlinear oscillator and 
Eq. (23) is, then, equivalent to the following one;
From Eq. (26) we can obtain approximate frequency-amplitude relationship of a nonlinear oscillator.
THE APPLICATION OF HAMILTONIAN APPROACH
To illustrate the basic procedure of the present method, the Hamiltonian of Eq. (5) 
Assuming that the solution can be expressed as 
So the frequency can be approximated as: 
RESULTS AND DISSCUSIONS
A mathematical model describing the process of large amplitude transverse vibrations of a flexible string under constant tension is proposed. Two efficient analytical methods are applied to solve the dynamic model of the large amplitude non-linear oscillation equation. In order to verify the precision of the methods, current results were compared with Runge-Kutta 4 th order method in Table 1 and 2. It is observable that our results are in excellent agreement with the results provided by Runge-Kutta 4 th order. The behavior of ) , ( t A ϕ obtained by VIM and HA at α=2 is shown in Figs. 2 and 3. To further illustrate the accuracy of presented methods, the plot of the results are presented and compared in Figs. 4-6. All plots are done for a constant value of α =1 and varying amplitude values A = 0.2, 1 and 5. 
CONCLUSIONS
In this work, we proposed a mathematical model describing the process of large amplitude transverse vibrations of a flexible string under constant tension. Hamiltonian approach and efficient approximate method (VIM) is employed to derive the nonlinear vibration of constant-tension string. The frequency of both methods is exactly the same. Comparing with numerical Results, it is shown that the approximate analytical solutions are in very good agreement with the corresponding solutions and presented methods are powerful mathematical tools, very effective, convenient and adequately accurate for study of nonlinear oscillators in physics and engineering problems.
